Abstract. In this paper, we study whether the variability introduced in the Canary region by the Canary Islands on perturbing the general flow of the Canary Current and trade winds, and by the Northwest African upwelling, is manifested in the mesozooplankton biomass distribution and ichthyoplankton population. Two transects were sampled and two stations were occupied for 24 h during the first part of the cruise Canarias 9110. One transect and one station were located to the north, upstream of the Canary Islands, in the 'non-perturbed' zone, and the other transect and station were to the south, downstream of the islands, in the 'perturbed' zone. Oceanographic conditions, as represented by the vertical temperature structure, changed both latitudinally, between upstream unperturbed and downstream perturbed conditions, and longitudinally, between upwelling and oceanic situations. However, differences were evident only in mesozooplankton biomass and in the latitudinal sense. Likewise, the results obtained suggest that (i) there is an interconnection between the neritic fish populations of the Macaronesian archipelagos, in a north-south sense and in a southerly direction, by means of the transport of fish larvae by the Azores and Canary currents, and (ii) this interconnection could affect both those species whose larvae are well adapted for a long survival in the pelagic environment, possessing morphological specializations, and those whose larvae do not present these characteristics.
Introduction
We have considered the Canary Islands archipelago and its surrounding waters as the Canary region ( Figure 1 ). This region is located on the eastern edge of the subtropical gyre of the North Atlantic and is bathed by the Canary current fed by the Azores current (Fiekas et al., 1992) . The Canary current has been described as a weak flow in a south-southwest direction, transporting relatively cold waters from more northern latitudes, approximately 33ºN, towards the equator and closing the gyre on its south-eastern flank (Fedoseev, 1970; Molina, 1973 Molina, , 1979 Le Floch, 1974; Stramma, 1984; Molina and Laatzen, 1986; Klein and Siedler, 1989; Mittelstaedt, 1991) .
The Canary Islands act as a barrier to the Canary Current and the trade winds which introduce strong variability in the atmospheric and oceanic flows, giving rise to mesoscalar oceanographic processes, such as eddies and warm wakes, to leeward of the islands (Mittelstaedt, 1991; Van Camp et al., 1991; Hernández-Guerra et al., 1993; Arístegui et al., 1994 Arístegui et al., , 1997 Barton et al., 1998) . On a biological level, these phenomena entail an increase in planktonic production (Hernández-León, 1998 Arístegui et al., 1989; Barton et al., 1998) . Furthermore, the current and eddies may trap the neritic planktonic components of the islands, including fish eggs and larvae, and carry them far away from the islands.
Likewise, the water masses from the Northwest African upwelling displaced offshore towards the Canary Islands by the Ekman transport and the upwelling filaments may reach the eastern part of the Canary region (La Violette, 1974; Van Camp et al., 1991; Hernández-Guerra et al., 1993; Molina et al., 1996; Barton et al., 1998; Navarro-Pérez and Barton, 1998) . Consequently, this region, according to Barton et al. (Barton et al., 1998) , straddles the transition between the cool, nutrient-rich waters of the coastal upwelling regime and the warmer, oligotrophic waters of the open ocean. All of this results in variability of the oceanographic conditions in the Canary region, both in a longitudinal and a latitudinal sense (Baxterretxea, 1994; Barton et al., 1998) . Thus, it is expected that the effects will be manifested at the biological level, affecting the whole trophic chain, the ichthyoplankton included.
It is also possible that some of the neritic fish larvae carried away from one archipelago by currents and eddies may reach another located downstream. This may account for the relatively small number of endemisms in the neritic fish populations in the different archipelagos that constitute the Macaronesia (the Azores, Madeira and Canaries) in comparison with other marine regions of similar oceanographic features. In addition, the percentage of endemic neritic fish species increases in a southern direction (Brito et al., 1996, in press ). Moreover, for these neritic fish populations, which cannot connect through adult migration, the reproduction and advection of larvae provides a mechanism to do so (Barlow, 1981; Doherty and Williams, 1988) . Genetic evidence supports the view that for some species, there is a gene flow through larval dispersal by the marine currents between the eastern and central Pacific (Rossenblatt and Waples, 1986) .
This study compares mesozooplankton biomass, ichthyoplankton abundance and taxonomic composition of fish larvae in a zone located to the south, downstream from the Canary Islands, which is under the influence of the perturbations caused by the islands in the Canary Current ('perturbed' zone), with a zone located to the north, upstream of the islands and, in consequence, not affected by these perturbations ('non-perturbed' zone). Similarly, the possible influence of the Northwest African upwelling on the taxonomic composition of fish larvae is analysed. Finally, we consider the possibility that both the general currents that flow through the Macaronesia region, as well as the eddies that would form leeward of the islands, may trap neritic fish larvae and transport them towards other islands located downstream. This could result in a contribution of neritic fish larvae from the archipelagos located to the north of the Canary Island archipelago (Azores and Madeira).
Method

Cruise development and study area
The data studied in this paper were obtained during the first part of the cruise Canarias 9110. During this part, carried out between 17 and 24 October 1991, two transects were sampled: one to the north and the other to the south of the Canary Islands. Likewise, two stations were occupied for 24 h, one to the north (N station) and the other to the south (S station) (Figure 1) . Hereafter, when a reference is made to the north transect and N station, and to the south transect and S station, it will refer to the 'non-perturbed zone' and 'perturbed zone', respectively.
Sampling
Hydrographic conditions were recorded at every station by means of a Neil Brown Mark III CTD (Vélez-Muñoz, 1992) . Zooplankton and ichthyoplankton were sampled with a Bongo net of 40 cm mouth diameter. It was equipped with nets of 250 µm mesh size which were arbitrarily named port and starboard. Two General Oceanics flowmeters, installed in each mouth of the Bongo net, measured the volume of filtered water. The plankton hauls were oblique and attempted to sample the surface layer down to 200 m. However, the real depth sampled varied between 140 and 212 m with a mean of 162 (S.D. = 22.3). The samples collected were preserved in a solution of 5% buffered formalin and sea water.
In the northern transect, five stations were sampled for mesozooplankton biomass and ichthyoplankton while in the south, only four were sampled. The stations were laid out so that every station located in the north of the archipelago was facing another in the south on the same longitude (except for two stations: station 1, north transect and station 25, south transect). Only two stations were occupied at night, one in each transect and facing each other (stations 7 and 18) (Figure 1) .
At the stations sampled for 24 h, zooplankton hauls were carried out approximately every 4 h. In total, six hauls were carried out in station S and seven in Spatial variability of plankton in the Canary region station N. For studies of the taxonomic composition of fish larvae, all seven of the latter were considered, but for statistical calculations and comparison with station S, only six were taken into account; haul number seven was eliminated. Likewise, for these calculations and comparisons, hauls from station N were paired off with those of station S with which they coincided, or which they were closer to in their sampling time (N1-S4, N2-S5, N3-S6, N4-S1, N5-S2 and N6-S3).
Laboratory analysis
Fish eggs and larvae from both samples collected in each haul by the Bongo net were sorted. Fish larvae from the starboard Bongo sample were identified to the lowest taxonomic level possible. The numbers of eggs and larvae collected by the starboard Bongo net were transformed into abundances, or number per 10 m 2 of marine surface (Smith and Richardson, 1979) .
The species list of fish larvae was compiled following Whithehead et al. (Whithehead et al., 1984) . The larvae were grouped into three categories: 'neritic', 'oceanic' and 'other' according to Rodríguez et al. (Rodríguez et al., 1999) .
Mesozooplankton biomass was obtained from the port samples, for which the dry weight was calculated following the method proposed by Lovegrove (Lovegrove, 1966) . Dry weight was transformed into densities, mg m -3 sea water.
Data analysis
To compare the densities of mesozooplankton biomass and ichthyoplankton abundance in the non-perturbed and perturbed zones, the non-parametric MannWhitney U-test for two independent samples (Sieguel, 1982) was used.
To determine whether the influence of the islands and the Northwest African upwelling was reflected in a different taxonomic composition of the fish larva community in the areas affected a priori by both phenomena, we used cluster analysis. Only taxa present in at least 10% of the samples were included in the analysis; the others, rare species, carry little classificatory information (Boesch, 1977) . As a measure of similarity for clustering, we used the linear correlation coefficient on the logarithmically-transformed abundance data of the species, according to the expression XЈ = Log 10 (X + 1) (Zar, 1984) . This transformation was carried out to normalize the data (Cassie, 1962; Daget, 1976) and to reduce the influence of the most abundant species (Doyle et al., 1993) . The dendograms were constructed using the UPGMA (Unweighed Pair Group Method Using Arithmetic Averages) of Sokal and Michener [(Sokal and Michener, 1958) in (Cuadras, 1991) ]. (For the statistical analysis, the statistical package SPSS TM for Windows TM 6.1.2. version was used.)
Results
Vertical temperature profiles
In the Canary region, midway through autumn, levels of insolation are still high. This, coupled with the weakening Trade winds at this time (Mittelstaedt, 1991) , gives rise to a strong heating of the surface water layer which leads to a notable thermal stratification. During October, the seasonal thermocline reaches its maximum development in the central part of the Canary Island archipelago and the annual maximum surface temperature has been measured on several occasions in this zone (Mascareño, 1972; Braun, 1980) . These were the environmental conditions when this study was carried out. They resulted in a relatively high surface temperature and a fairly uniform temperature distribution along the north transect, except near the continent where the isotherms gradually rose towards the surface as we came closer to the coastal upwelling (Figure 2) . Furthermore, Figure 2 shows a greater variability in the distribution of the temperature along the southern transect.
Taxonomic composition of fish larvae
In total, 248 fish eggs and 4641 fish larvae were collected (137 eggs and 2365 larvae by the starboard net); 2.7% of the larvae caught belonged to the neritic group, 95.7% to the oceanic group and 1.6% to other group.
In all, 140 taxa of larvae (118 species and 22 higher taxonomic categories) belonging to 47 fish families were identified ( Table I ). The percentage of capture was above 1% for only seven of the families; six of the seven most frequent families are oceanic and only one, Sparidae, is neritic. The most frequently captured families were Myctophidae, Gonostomatidae, Sternoptychidae and Photitchydae, with catch percentages of 63.2%, 17.4%, 4.8% and 3.0%, respectively. These four families represented more than 88% of the fish larvae caught. The taxonomic composition of fish larvae at the family level was typical of warm oceanic waters (Rodriguez, 2000) .
The difference between the taxonomic composition of fish larvae from the nonperturbed and perturbed zones lay in the higher presence of neritic larvae in the latter. In this zone, 92.3% (60 individuals) of the larvae included in the neritic group were caught. Most of these catches were carried out at station S (51 individuals) with an average of 61.4 larvae 10 m -2 . In the non-perturbed zone, the remaining 7.7% (five individuals) of the neritic larvae were caught.
In each transect, the influence of the Northwest African upwelling is expected to be shown longitudinally in the taxonomic composition of fish larvae by means of a greater presence of neritic larvae at the stations closest to the continent. However, in both transects, the hauls undertaken at the stations closest to the African coast were negative for the larvae of this group (Figure 3) . Therefore, no influence of the Northwest African upwelling was detected on the taxonomic composition of the fish larvae community. The differences observed in the taxonomic composition were not statistically significant in the latitudinal or the longitudinal sense. It was not possible to form clusters of stations which should be grouped together a priori (three main groups were expected to form, one which would include the stations influenced by the Northwest African upwelling, a second which would include the stations located to the south of the archipelago affected by perturbations caused by the islands, and a third to include the stations unaffected by any kind of perturbation). 
Spatial variability of mesozooplankton biomass and ichthyoplankton abundances
Mesozooplankton biomass densities in the stations of the south transect and in the hauls carried out at station S were always higher than in the corresponding pairs of the north transect and station N, respectively, except for the pair of western stations (Figure 4a ). The U-test (P = 0.003) clearly showed that the mesozooplankton biomass was higher in the perturbed zone than in the non-perturbed zone. Furthermore, the values of the biomass presented a greater variability along the south transect (Figure 4a ). With regard to the spatial distribution of the ichthyoplankton abundance (Figure 4b, c) , there was no difference between the non-perturbed and perturbed zones (U-test: P = 0.67 for eggs and P = 0.92 for larvae). The values obtained for fish eggs and larvae abundances also presented a greater variability along the south transect.
Discussion
Taxonomic composition of fish larvae
The most outstanding feature of the fish larvae community was the presence of neritic larvae in both non-perturbed and perturbed zones (Figure 3) .
The presence of neritic larvae in relatively high numbers in the perturbed zone indicates that the general current flowing through this archipelago, and probably the eddies that form leeward of the islands, trap and drag these larvae towards the ocean. However, it is in the non-perturbed zone where the presence of neritic larvae takes on a greater significance. Owing to the limited natatorial capacity and the sense and direction of the Canary Current already indicated, it seems logical to propose the archipelagos located upstream of the Canary Islands as the original source of these larvae. This could mean that there is a contribution of this kind of larvae from the Azores and Madeira to the Canary islands. This could also imply that there is an inter-connection between the neritic fish populations from the Macaronesian archipelagos in a north-south sense, and in a southerly direction through the fish larvae transported by the Azores and Canary currents.
Another aspect to be taken into account is that the neritic larvae captured in the non-perturbed zone may be included in two groups, according to whether they present morphological specializations or not. As they are only present during the larval phase, these specializations may be thought of as adaptations for a planktonic existence and, in some cases, are associated with a prolonged life in the pelagic environment (Moser, 1984; Smith et al., 1987) . One group would include the highly specialized larvae, such as Bothus podas and Carapus acus, in which this adaptation consists of a lengthening of the anterior radii of the dorsal fin, and the Congridae family, whose leptocephalii larvae, in themselves, must surely be an adaptation to this environment (Smith et al., 1987) . The other group would include the rest of the neritic larvae, those relatively unspecialized morphologically for the pelagic life, such as Thalassoma pavo, and the larvae of the Gobiidae family (Leis, 1983 (Leis, , 1984 characterized by their long larval life stage (Brothers et al., 1983; Victor, 1986) . Another gobid larva was caught within the perturbed zone (29º25.7N, 16º44.3W) during the Poseidon cruise 212/2 (Rodríguez, unpublished data). These unspecialized larvae had already been captured far away from their places of origin, as had the gobid larvae captured in the area of the North Pacific Central Gyre (Loeb, 1979) at approximately 870 km from the island of Hawaii whose neritic waters would constitute the nearest habitat for the adults of this family (Leis, 1984) . In the eastern Tropical Pacific, the larvae of the wrasses, Thalassoma, have been captured 600-1200 km from Line Island, their most likely source (Leis, 1983) . Therefore, the interconnection could affect both species of fish possessing larvae specialized for a long pelagic life, as well as those whose larvae present no special morphological adaptations to the pelagic environment.
The cyclonic eddies which form and drift downstream of the islands probably play an important role in the transport and survival of the fish larvae. Station S where the majority of neritic fish larvae was caught coincided in its situation with a station of the grid sampled around Gran Canaria during the second part of this cruise. This station was found to be located at the outer edge of a cyclonic eddy detected in that sampling (Arístegui et al., 1997) , a region where a concentration of fish larvae was suggested (Rodríguez, 1996) . In oligotrophic waters, these kinds of eddies have been associated with increases in planktonic production [e.g. (Falkowski et al., 1991; Olaizola et al., 1993) ], creating adequate feeding conditions for the larvae to the extent that they may function as larval nurseries (Lobel and Robinson, 1986, 1988; Lobel, 1989) . This, along with the drifting of the eddies, will enable the larvae to travel in an appropriate environment for their survival, and over a certain distance, as long as the eddies do not disintegrate. The distance between Madeira and the Canaries is ~500 km, if Madeira has a wake similar to that studied in the Pacific by Barkley (Barkley, 1972) , the Canaries archipelago could be reached by eddies wake shed from Madeira. Observed drift speeds of eddies shed from the Canary islands at various times of year are around 5-10 cm/s (Barton et al., in press ). Assuming a similar speed for Madeira, an eddy could reach the Canaries in 50-100 days, carrying with it a cargo of neritic fish larvae. The role of eddies as a transport mechanism for fish larvae was proposed by Jones (Jones, 1968) and by Smith et al. (Smith et al., 1987) . According to Beckmann et al. (1987) , eddies act as vehicles for species to cross their natural biogeographical boundaries.
Spatial variability of the mesozooplankton biomass and ichthyoplankton
The greatest variability observed in the temperature distribution along the south transect was probably caused by the perturbations generated by the islands in the Canary current. This variability was manifested in the distribution of the ichthyoplankton abundance and mesozooplankton biomass, more variable along the southern transect, and in higher mesozooplankton biomass in the perturbed zone. In turn, the absence of differences regarding the specific composition of fish larvae between the non-perturbed and perturbed zones indicates that both were inhabited by the same fish larvae community.
The influence of the Northwest African upwelling could reach almost to station 10 of the north transect, taking into account the surface upwelling of isotherms. In the southern transect, the boundary between the coastal upwelling and offshore waters was strongly demarcated between stations 17 and 18 . However, with regard to the taxonomic composition of fish larvae, no influence was shown. The trade winds and, consequently, the upwelling present a marked seasonality with a minimum intensity in autumn and winter (Mittelstaedt, 1991; Van Camp et al., 1991) . Thus, our sampling was undertaken when the upwelling intensity and the Ekman transport, responsible for displacing the neritic larvae to the open sea, was lower. These circumstances, in turn, were reflected in the strong thermal stratification and the high surface temperature registered along the two transects, even at the stations closest to the continent (Figure 2 ).
